III. INVESTIGATION OF POSSIBLE PETROLOGIC AND MINERALOGIC CHANGES AT HIGH-LEVEL NUCLEAR
The test times of 2-6 months were selected arbitrarily as being hopefully long enough to establish some of the sluggish mineralogic reactions that we anticipated might occur. In retrospect, as will be made clear below, some reactions for which we only obtained the barest indications will undoubtedly be more extensive at extended times. Also, there is no guarantee, of course, that properties that did not change in these tests will not at later times.
This problem is discussed in the summary.
As noted above, the procedure was to measure a range of thermomechanical properties in control samples and then to measure the same properties in the samples exposed to the test conditions. These are designated as "before" and "after" measurements. analyses from the center of the after-test sample and 9 analyses from the exposed sample rim), and 13 after-test zeolite analyses for 180°C/3.5-month conditions.
The test results are summarized in Table 111 and in Fig. 3 . Table III shows the mean Si02, A1203, CaO, Na20 and K20 values (as well as the mean normalized Ca-Na-K cation composition) for all before-test and after-test conditions, as well as the (la) standard deviation for each listing. Figure 3 compares the before-test normalized Ca-Na-K compositions of zeolites with compositions after the tests. The before-test sample (Fig. 3a) The well-developed euhedral clinoptilolite forms that occur in the before-test samples (Fig. 4a) are degraded in the after-test samples at 120"C (Fig. 4b) .
Moreover, mordenite fibers seem to be coarser and better formed in the aftertest samples (120 and 180"C) than in the before-test samples. X-ray diffraction studies, however, suggest no significant decrease in clinoptilolite abundance and no significant increase in mordenite abundance (Table I) c. The 
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IV. INVESTIGATIONOF POSSIBLE MATRIXPERMEABILITYCHANGES
A.
Introduction
The dominant means of migration of hazardous material associated with a high-level nuclear waste repository will be due to transport in groundwater. Table I ). Sample from 1100.6-1101.6 ft tested at 120"C, 9.7-MPa confining pressure, and 0.5-MPa pore pressure (5.5 months) (test #4, Table I ).
There is a large (@22%) increase in matrix permeability for both side-by-side samples after exposure. Whether these differences are a reflection of original sample inhomogeneity or result from the exposure conditions of the tests cannot be determined without further testing. There is also a significant difference in storage capacity of the before and after samples of 1100.6 to 1101.6 ft.
Calico Hills Unit.
Sample from 1370.8 to 1371.4 ft, 120"C, 9.7-MPa confining pressure, 0.5-MPa pore pressure (5.5 months) (test #4, Table I ). 1640.9 to 1642.1 ft, 120"C, 19.7-MPa confining pressure, 19 .7-MPa pore pressure (2.5 months) (test #5, Table I ).
Permeability of both of these samples decreased very slightly after exposure, but the changes are so small as to be insignificant. Storage capacity also remained virtually unchanged.
D. Conclusions
Permeability We believe that the strength changes we observed are related to the subtle surface modifications of minerals we observed, probably most active along grain boundaries and fracture surfaces where the catalytic action of water is effective. We expect that these same processes will be important in controlling the mechanics of discontinuities such as joints. In addition, the difficult task of determining the rates of the processes leading to changes in mechanical properties will be required. Once these rates (or at least reasonable estimates) are determined, they can be incorporated in design and performance models to predict or bound the mechanical response of the host rock mass over both the operational time of the repository and after closure. UE-25a#l, after 120*C for 2.5 months (Test #5, Table I ). Table I ).
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